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(57) Nzo6perenne OTHOCHTCS K ABYX(ba3HOM (heppHT-
HO-ayCTCHUTHOW Hep)aBerolleil craiam, kotopas 00-
JlalaeT BBICOKOH CIIOCOOHOCTHIO K e(hOpMaIiy ¢ Hc-
nonb3oBanueM 3¢ dexra [THIT u Beicokol koppo3uii-
HOM CTOMKOCTBIO C BBICOKMM S5KBHMBAJIEHTOM YCTOM-
YUBOCTH K TOYEUHOW Kopposuu. JIByxdazHas Hepxa-
Beromtas crainb cogepxut menee 0,04 mac.% yriepo-
na, 0,2-0,8 mac.% kpemuus, 0,3-2,0 mac.% mapran-
na, 4,0-19,0 mac.% xpoma, 2,0-5,0 mac.% Hukens,
4,0-7,0 mac.% monubaeHa, menee 4,5 mac.% Bosbdpa-
Ma, 0,1-1,5 mac.% menn, 0,14-0,23 mac.% azorta, npu-
4YeM OCTaJIbHOE COCTABJISIET JKeJNe30 M Hen30eKHbIe
MPUMECH, BCTPEUAIONIHECs B HEPXKABEIOIINX CTaJISX.
Kpome Toro, conmepkaHusi COBMECTHO JEHCTBYIOLINX
XpoMma, MojHOIeHa 1 Bojib(ppama B Mac.% COCTaBIs-
et 20<(Cr+Mo+0,5W)<23,5, rne otnomenue Cr/(Mo
+0,5W) cocrasmsier 2-4,75.
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IByxdasHas HepxaBetowasn ctanb

Ob6nacTb TEXHUKM

[aHHoe wn30bpeTeHne OTHOCUTCS K ABYyXdasHon ¢eppUTHO-ayCTEHUTHOM
HepXxaBetoLen ctann, kotopas obnagaeT BbICOKOM CNOCOBHOCTLIO K gedopmanm ¢
acdektom [MHIM  (nnactMyHOCTM, HaBEAEHHOW NpPEeBPAaLLEHNEM),  BbICOKOW
KOPPO3NOHHOW CTOMKOCTBIO M ONTUMU3VMPOBAHHBIM 3KBMBANEHTOM YCTOMYMBOCTU K
To4YeyHou koppo3mm (PRE).

A dpeKkT nNnacTMYHOCTK, HaBeaeHHon npespaileHmem (MHIM), oTHocuTca K
NpeBpaLeHNo MeTacTabunbHOro OCTaTOMHOrO ayCTeHUTa B MapTEHCUT B XO4e
nnactmydeckon gedopmauum B pesynbTare  OCTaTOYHOrO  HanpsbkeHUs  Unum
Aedopmaumm. 3TO CBOMCTBO MO3BONAET NpUAATE HEPXKABEIOLLMM CTansiM, MMEHLLUM
apdekt [MHI, BbICOKYO CMOCOBHOCTL K AedopMaunm nMpu COXPaHEHUN BbICOKOW
MNPOYHOCTMU.

B EP2172574 w JP 2009052115 onucaHa deppuTHO-ayCcTeHUTHadA
Hep)KaBeroLwas cranbe, Kotopas cogepxut, B macc.%, 0,002 - 0,1% C, 0,05 - 2% Si,
0,05 - 5% Mn, 17 - 25% Cr, 0,01 - 0,15% N, B03MOXHO mMeHee 5% Ni, BO3MOXHO
meHee 5% Cu, BO3MOXHO MeHee 5% Mo, Bo3amoxHO meHee 0,5% Nb n Bo3aMOXHO
meHee 0,5 %Ti. Temnepatypy My paccunTbiBanun, NCXo4a U3 XMMUYECKOro CoCcTana B
aycteHuTHoM base, obbemHas ponsa kotopon B crtanm cocrtaensetr 10-50% ¢
ncnonb3oBaHnemM PopMyIbl:

Mg = 551-462(C+N)-9,2Si-8,1 Mn-13,7Cr-29(Ni+Cu)-18,5Mo.

Temneparypy My orpaHmnymBatoT gmnanasoHom -10°C < My <110°C. OTmeveHo,
4YTO SKBMBAIEHT YCTOMHYMBOCTM K TOUEYHOU Koppo3mm (PRE), kOTOpbIM paccunTbiBatOT
C MCMONb30BaHNEM cregyroLlen popmynbi:

PRE = %Cr + 3,3*(%Mo) + 10*%N - %Mn,

coctasngeT 18. B EP 2172574 v B JP 2009052115 npucytcteue Mo aBnaeTtcs
TOMNBKO BO3MOXHbIM, U pacyeT Temnepartypbl Md OoCHOBaH Ha XMMWUYECKOM COCTaBe
ayCTeHUTHOM pasbl, COCTaBMAKLWEN TONBKO 10-50 06.% o1 Bcero obvema
MUKPOCTPYKTYPbI.

B EP 1715073 onucaHa deppuTHO-ayCTEHUTHaAa HepXaserwwlas crarb,
cogepxawas, B macc.%, mernee 0,2% C, meHee 4% Si, meHee 12% Mn, 15-35% Cr,
meHee 3% Ni, 0,05 - 0,6% N, BoamoxxHO meHee 4% Cu, BO3MOXHO meHee 4% Mo,

BO3MOXHO MeHee 0,5% V un BoamoxHo MeHee 0,1% Al Ob6bemHaa ponsa



aycteHuTHoW (pasbl coctaenseT oT 10 go 85%, u konunuectso (C+N) B ayCTEHUTHON
dase cocrasnset ot 0,16 go 2 macc.%. B EP 1715073 monubaeH (Mo) Takke
ABNAETCHA BO3MOXHbLIM 31TEMEHTOM.

N3 WO 2011/135170 mnasecteH cnoco® nonyyeHus eppuTHO-ayCTEHUTHOM
HepxxaBerowen cranu, obnagarolen xopowwen CnocobHOCTBI K gedopmaumm um
OONbLWMM OTHOCUTENMbHBIM YAMHEHWEM, MPUYEM YyKasaHHas CTanb COAEPXKUT, B
macc.%, meHee 0,05% C, 0,2-0,7% Si, 2-5% Mn, 19-20,5% Cr, 0,8-1,35% Ni, meHee
0,6% Mo, meHee 1% Cu, 0,16-0,24% N, ocTtanbHOE€ COCTaBISET XENe3o U
HemsbexHble npumecn. Hepxasetowyto ctans B WO 2011/135170 noaseprarot
TepmoobpaboTke Tak, YTO MUKPOCTPYKTYpa HEPXKaBEHLWEN CTanm coaepxut 45 -
75% aycTteHuTa B yCrnoBusix TepMmoobpaboTky, oCcTaBLLasACa YacTb MUKPOCTPYKTYPbI
npeacraenaer cobon depput. Kpome TOro, mamepeHHas Ttemnepartypa Mgso
Hepxasetowen ctanm coctasnaet ot 0 go 50°C, ytobbl ncnonbsosate sddekt MHIT
ANA ynyylweHns cnoCoBHOCTU K Aedopmann Hep)KaBeroLLen CTanu.

Bonee Toro, mu3 WO 2013/034804 w3BecTHa nAByxdpasHaa eppuUTHO-
ayCTeHUTHas HepXaBeroLas crarnb, B KOTOPOW ncnonbaytoT addekT MNMHIM n koTopas
coagepxumt meHee 0,04 macc.% C, meHee 0,7 macc.% Si, meHee 2,5 macc.% Mn,
18,5-22,5 macc.% Cr, 0,8-4,5 macc.% Ni, 0,6-1,4 macc.% Mo, meHee 1 macc.% Cu,
0,10-0,24 macc.% N, octanbHoe npeacTaBnser cobon xeneso n HemsbexHble
npymMecH, BCTpevawmecs B Hepxasewowmx cranax. Cepa orpaHuyeHa
cogepxaHmem meHee 0,010 macc.% wn npeanoututensHo meHee 0,005 macc.%,
cogepxaHne docgopa cocrtaBnder wmeHee 0,040 macc.%, wn cymmapHoe
copepxanHme cepbl U ocdopa (S+P) coctanaetr meHee 0,04 macc.%, a obuwee
cogepxaHue kucnopoga cocrtaendetr meHee 100 ppm (4actem Ha  MUIIUOH).
[ByxdasHas HepxaBerowas cTanb BO3MOXHO COAEPXUT OAWH wunn 6Bonee
cnegyrowmx [00aBOYHbIX 3NEMEHTOB. antOMWHUMA B MakCUManbHOM KONM4ecTBe
MeHee 0,04 macc.% W nNpegnoyvTUTENBHO MAakCMMyM  COCTaBnsgeT  MeHee
0,03 macc.%. Kpome Toro, B HEGONbLUMX KONMYecTBax MoryT ObiTb gobasneHsl 60p,
KanbUun 1 Lepun; nNpeanoyvTUTENnbHOE cogepxaHne Bopa n kanbumsa coctaBnsaeT
meHee 0,003 macc.%, a uepus - meHee 0,1 macc.%. MoxeT 6biTe fobasneH kobansT
B Konunyectee BNNoTh A0 1 Macc.% Ans 4aCcTUYHOW 3aMeHbl HUKENS, U MOXET ObITb
nobaeneH Bonbpam B konmyectee BNoTh A0 0,5 macc.% B kayecTBe 4acTUYHOM
3amMeHbl monubaeHa. Takke B AByX(dasHyl0 HepxaBewLllyto cTanb Mo 3TOMy

n3obpeteHnto MoOXeT ObiTb gobaBneH oauvH wunu Oonee snemMeHT U3 rpynmnbl,



cogepxawenm HMobun, TUTaH MU BaHaguW, nNpuyemM coaepxaHme HMobus n TutaHa
orpaHunyeHo o 0,1 macc.%, a cogepxaHue BaHagma orpaHnyeHo o 0,2 macc.%.

CornacHo WO 2013/034804 akBMBarneHT yCTOMYMBOCTU K TOYEYHOW KOPPO3nUn
(PRE) onTuMmamMpoBaH ANS MOMyYeHUS XOPOLUEN KOPPO3MOHHOM CTOMKOCTU U
cocraBnseT 27-29,5. 9ddexT MNMHIM (nnactnyHOCTN, HAaBEAEHHOW NMpeBpaLLEHNEM) B
ayCTeHUTHOM base NoaAEepPKMBaKOT B COOTBETCTBUN C U3MEPEHHOW TeMMepaTypou
Mgzo B pAauanasoHe 0-90°C, npegnoututensHo B AauanasoHe 10-70°C, ansa
obecneyeHns xopowen cnocobHocTn k aedopmauun. Jons ayCTeHUTHON dasbl B
MUKPOCTPYKTYpPE ABYX(a3HON HEPXKaBEKLWEW CcTanu Mo 3TOMYy M300peTeHuo B
ycrnousix Tepmoobpabotkm coctaBnsetr 45-75006.%, npemmyllectBeHHO 55-
65 06.%, octanbHoe coctaBnsaeT heppuT, YTobbI co3gaTe BnaronpuUsaTHbIE YCIOBUS
ana asdpdekra [MHI. TepmoobpaboTky MOXHO BbINOMHATL C  MCMNOMb30BaHNEM
pasnuyHbiX cnocobos TepmMoobpaboTkK, TakuMx Kak OTMYyCK Ha TBepAblIA pacTBOp,
WHOYKUMOHHBIA OTXKUI Ha BbICOKMX 4acTOTax WM MECTHbIM ODKUI, B AnanasoHe
Temnepatyp ot 900 go 1200°C, npegnoytmutensHo oT 950 go 1150°C.

Llensto  HacToswero wm3obpeteHna  ABNSETCA  yryudlleHWe  CBOUCTB
ABYX(asHbIX HepXXaBerLWumx CTanen, OnMCaHHbIX B M3BECTHOM YPOBHE TEXHWKWU, U
nony4yeHne HoBOW ABYXdasHOW (HheppPUTHO-ayCTEHUTHON HEPXKAaBEKLLEN CcTanuv, B
koTopon wucnone3yroT adpdekt [MHIM, obnagatowien BbICOKMM  SKBUBANIEHTOM
YCTOMYMBOCTK K TOodeuHou kopposmm (PRE) v, cnepoBaTtenbHO, MPeBOCXOAHOW
KOPPO3MOHHON CTOMKOCTbI. CyLLECTBEHHbIE MPU3HAKM M30DPETEHNA BKOYEHBI B
npunaraemyto hopmyny nsobpeTeHus.

B cootBetctBUM C um300peTeHMEM, AByxdasHas eppUTHO-ayCTEHUTHASA
HepaBetowas cranb cogepxumt meHee 0,04 macc.% C, 0,2 - 0,8 macc.% Si, 0,3-2,0
macc.% Mn, 14,0 - 19,0 macc.% Cr, 2,0 - 5,0 macc.% Ni, 4,0 - 7,0 macc.% Mo, meHee
45 macc.% W, 0,1-1,5 macc.% Cu, 0,14 - 0,23 macc.% N, ocTtanbHoe cocTaBnseT
Xeneso n HemsbexHble NpUMecK, BCTpevarmeca B Hepxaserwwmx cranax. Cepa
orpaHndeHa copepxaHmem wmeHee 0,010wmacc.% W npeanoyYTUTENbLHO MeHee
0,005 macc.%, copepxaHne docgopa coctaenaetr MeHee 0,040 macc.%, u
CyMMapHoe cogepxanue cepbl n pocdopa (S+P) coctaBnseT meHee 0,04 macc.%, a
obuee cogepxxaHmne kmcnopoga cocrasnset meHee 100 ppm.

[ByxdasHas HepxaserwLwas cranb Mo M30DPETEHUHO BO3MOXHO COAEPXUT
oavH nnun 6onee gobaBneHHbIX 3NIEMEHTOB, & MMEHHO, MakCMMarnbHOe COAepXaHue

anroMmHua coctaenget meHee 0,04 macc.% W, NpegnoyvTUTENbHO, MaKCUMyM



coctaenseT meHee 0,03 macc.%. Kpome Toro, moryT 6biTb fobaBneHsl 60p, Kansunn,
Lepun 1 MarHuin B HeBonbLUMX KONUYECTBax; NpeanovTUTENbHO cogepxaHune bopa u
kanbuma coctaengetT meHee 0,004 macc.%, uepua meHee 0,1 macc. % mn marHua
MeHee 0,05 macc. %. MoxeT ObiTb gobaBneH kobanbT B KONMUMYECTBE BMNOTb A0
1 macc.% Ansa 4acTUYHOM 3aMeHbl Hukens. Takke B ABYxXdasHyt HEPXKaBEOLLYHO
cTtanb nNo m3obpeTeHnto MoxeT ObiTb gobasBneH oavH unn Bonee anemeHToB U3
rpynnbl, cogepxawlen HMobun, TUTaH U BaHagun, NMpPUYEeM coaepxaHue Hmobus m
TutaHa orpaHmyeHo go 0,1 macc.%, a copepxaHue BaHagus OrpaHnYeHo 4O
0,2 macc.%.

CnegyeTr OTMETUTb, YTO COrnacHoO M30BpeTeHunto, copgepxaHme monubaeHa
yBenmyeHo pao uHtepsana 4,0-7,0 macc.%; 310 HeobxogmMmo ANA CHWXKEHUS
cogepxaHma xpoma go wuHtepBana 14,0-19,0macc.%. lpu 3Tux ycnosusx,
CyMMapHoe cogepxaHve monubaeHa, xpoma 1, BOSMOXHO, BONbdpamMa B MaccoBbIX
npoueHTax, paccuutbiBaemoe no d¢opmyne Cr+Mo+0,5W cocrtaengetr 20 -
23,5 macc.%, roe otHoweHune Cr/(Mo+0,5W) coctaenset 2 -4,75.

B HepxaBetowen crtanu no WU30OPETEHMIO SKBUBANEHT YCTOWYMBOCTU K
ToyeyHon koppo3mm (PRE) ontummampoBaH, 4TOOblI  MOMAyYMTb  XOPOLLUYHO
KOPPO3MOHHYHO CTOMKOCTb W coctaengeT 35 -42. 3ddekt TMHIT (nnactuyHOCTb,
HaBegeHHas npeBpalleHneM) B ayCTEHUTHOW pase nogaepXxmBaroT B COOTBETCTBUMU
C namepeHHon Temneparypon Mgz B amanasoHe -30 - +90 °C, npeanoyTUTENBHO B
AnanasoHe 0 — +60°C, uToObl obecneunTb XOPOLLYHO CNOCOBHOCTL K Aedopmanmn.
Temnepatypy Mgsp, KOTOpas €BNAETCA MEpPOn CTabuibHOCTM ayCcTeHuTa Mo
oTHoweHuto Kk  adpdekty [HI, onpepensaoT kak Temnepartypy, MNpu KOTOPOW
nctnHHas gedopmaumsa 0,3 npueoant K 50% npeBpalleHuo aycteHuta B
MapTeHcuT. [dons  ayCTeHuTHOM dasbl B MUKPOCTPYKTYpe  AByXdasHoOW
HEepXXaBeLWEN CTann no n3obpeTeHno B ycnoBuax TepmoobpaboTkm cocTtaBnsaeT
50 — 80 06.%, npeumywectBeHHO 55 — 70 06.%, ocTanbHOE COCTaBnseT eppuT,
yTobbl cospgatb OnaronpusaTHble ycnosua ana adpdekta HI. TepmoobpaboTky
MOXHO BbIMOMHATE C MWCMOMb30BaHNEM PasnnuHbIX CnocoboB TepmoobpaboTku,
Takux Kak OTMyCK Ha TBEpAbIM pacTBOpP, BbICOKOYACTOTHBIA WMHAYKLMOHHBIA OTXWT,
MECTHBIAN OTXXUI Unn nrobon gpyron Tmun TepmoobpaboTkm B gManasoHe TemMneparyp
oT 900 go 1200°C, npegnoytutensHo ot 950 go 1150°C.

CornacHo un300peTeHuo, CymMmMapHoe coepxaHue xpoma, monubaeHa w,

BO3MOXHO, Bonbdpama, paccuutbiBaemoe no dopmyne Cr+Mo+0,5W, asngaetca



KNoYeBbIM  pakTopoM  Ang  nogaepkaHus Temnepatypbl Mg B 3agaHHOM
AnanasoHe, YTobbl 06ecneyunTb XOPOLLYHO CNOCOBHOCTL K AedhopmMannin.

BnnaHne pasnuyHbIX 9NEMEHTOB B MUKPOCTPYKTYPE OMUCAHO HUXKE, NMpu4em
COAEPXXaHe 3NeMEHTOB BblpaxeHo B Macc. %:

Yrnepog (C) BHOCUT BkNag B ayCTEHUTHYO a3y M OKasbiBaeT 3HAYUTENBHOE
BNMSIHME Ha CTabunbHOCTb aycTenuTa. Yrnepog Ao0aBnstoT B KONMYECTBE BMNSOTh
Ao 0,04%, Ho ©Gonee BbICOKOE COAEPXaHWE OKasblBaeT HeraTMBHOE BIUSHME Ha
KOPPO3NOHHYH CTOMKOCTb.

A3oT (N) saBnAetcs BaxHbiM CcTabunmn3aTopoMm ayCcTeHuTa B AByxdasHbIX
HepXXaBerLwmx cransax, u nogobHO yrnepoay, OH MOBbIWAET CTabuNbHOCTL MO
OTHOLLEHWIO K MapTeHCUTY. A30T Takke MoBbIWAET NPOYHOCTb, AedOpMaLMOHHOE
YNPOYHEHNE N KOPPO3NOHHYHO CTOMKOCTb. OBLWme sMnupuYecKkne BbIpaXeHUS 4NN
pacyeTa TemnepaTypbl Mgzp MOKa3bIBatOT, YTO a30T M YrNepos OKasbiBatOT CUMbHOE
BNUSAHME Ha CTabUNbHOCTL aycTeHuTa. [lockonbky asoT MoxeT ObiTb fobasneH B
HepXXaBerLLyo cTanb B DonbLUeM KONMMYecTBe, YeM yrnepos, 6e3 oTpuyartensHoro
BO34ENCTBMS Ha KOPPO3MOHHYHK CTOMKOCTb, cogepxaHune asota ot 0,14 go 0,23 %
AaBnaeTca 3PPEKTUBHBIM B HACTOALLMX HEPXKABEIOLMX CTanax.

KpemHun (Si) oObiMHO [00aBnai0oT B HepXaeewwwe cranu C  Lernbro
packUCNeHns B NNaBUSIbHOM LIEXY, W €ro cogepXaHne He AOMKHO ObITb Hke 0,2 %.
KpemHuin ctabunusmpyet dasy depputa B AByxEdasHON HepKaBerLWeW cTtanm, HO
obnapaetr Oonee cunbHbIM CcTabunuanpyrowmm 3PEPEKTOM Ha CTabUnNbHOCTL
ayCTeHuTa OTHOCUTENBbHO 0BpasoBaHMs MapTEHCUTA, YTO NMOKas3aHo B MCMNOSb3yEMbIX
B HacTosllee BpemMs BblpaxeHusax. o sToM npuumMHe MakcumanbHOe copepaHve
kpemHus coctaenseT 0,8 %, npeanoutntensHo 0,5 %.

Mapraneyn (Mn) sensaeTcsa BaxxHon gobaekon gna crabunmsauum ayCTEHUTHON
dasbl M MNOBLILWEHNS PacTBOPUMOCTM asoTa B Hepxasewwen ctanu. Maprarey,
MOXET 4aCTUYHO 3aMEHUTb AOPOroCTOAUMMA HUKENb U obecneunTb npaBUIibHbIV
BanaHc a3 Hepxasetowen ctanu. CrMWKOM BbICOKOE ero COAepKaHue CHwkKaeT
KOPPO3MOHHYHO CTOWKOCTb. MapraHey, okasbiBaeT ©Oonee CunbHOe BINUAHME Ha
CTabunbHOCTbL  aycTeHuta  OTHOCuTeNnbHO  obpasoBaHMs  MapTeHcuTa, W
cnefoBaTtenbHO, codepXaHwe MapraHua HeobxoAumMO TwarenbHO OnpeaensTs.
Copepxanne mapraHua gormkHo coctaenatb 0,3 - 2,0 %.

Xpom (Cr) s@Bnaetca OCHOBHOW A00aBKOW ANS NPUAAHUA Hep)KaBeroLeun

cTann KOPPO3MOHHOW CTOWKOCTU. byayun crabunusatopom depputa, XpoM Takke



ABNAETCA BaxHOW pJobaeBkouM Ans co3gaHus Hagnexawero 6anaHca mexay
ayCTeHUTHOW 1 hbeppuTHoU ason. Kpome Toro, n COBMECTHO C MONMBAEHOM, XPOM
CUNBbHO MOBLIWAET CTOMKOCTb K 0BpasoBaHuo mapTteHcuTa. Ytobbl obecneunTb
Bbicokmr PRE, npu cosgaHum ontumanbHoro adpdpekta MHIM, copepxanmne xpoma
orpaHnymBatroT o 14,0% - 19,0%, Onarogapss YBENMMYEHUIO  COAepXaHus
monmnbaeHa. MNMpeanoytTutTensHO cogepxaHme xpoma coctaensaeTt 14,0-18,0 %.

Hukene (Ni) aBngeTcs  OCHOBHbIM  NErvpyroLLMM  3M1IEMEHTOM  AnS
ctabunusaumm ayCTeHUTHOM pasbl U ANS XOPOLUEN KOBKOCTU, U MO MEHbLUEN Mepe
2,0% Ni Heobxogumo p[obaBnATb B HEpXaBewLulyo cTanb No  M30OpEeTEHUHO.
Obnapas 6GonbWwnMm BRMSHMEM Ha CTabUNbHOCTb ayCTeHUTa OTHOCUTENbHO
obpasoBaHMs MapTeHCUTa, HWKENb AOMMKEH NMPUCYTCTBOBaTb B Y3KOM AvanasoHe.
Kpome TOro, ms-sa BbICOKOW CTOMMOCTM HUKENs W konebaHus LUeH Ha Hero,
MakcuMarnbHOe COAEPXKaHWE HWKENA B HepXaserwwew ctanu no m3obpeTeHuto
DOIMKHO coctaenaTb 5,0 %.

Megab (Cu) oBblMHO npucyTcTBYeT Kak octatok B konmyectse 0,1 - 0,5 % B
OOMbLUMHCTBE HEPXaBEKLWMX CTanen, Korga WUCXoaHble matepuansl no 6onbLlien
4acTU Haxo4daTca B OpMe foMa HepXaBerolen cTanu, coepxallero AaHHbIN
anemeHT. Megb saBnsetca cnabbiM cTabunmusaTtopom aycCTeHUTHOM asbl, HO
obrnagaeTt CuUnbHbIM BIWSHWEM Ha CTOMKOCTb K ODpasoBaHWO MapTeHcuTa, U ee
HeoBXoAMMO yunUTbIBaTL MPU OLEHKE CNOCOBHOCTM K gedopmaumnmn Hep)KaBeroLlemn
cTanu no HacrtoswemMy msobpeteHunto. [lobaBneHne mean Takke MOXeT YBENMYUTb
CTOMKOCTb K obpasoBaHuto curma asel. Ee MoxHO HamepeHHo p[obaenatb B
konunyectee 0,1 -1,5 %, HO NpepnouTUTENBHO copepaHne meaun coctasnsaet 0,1 -
0,7%, 6onee npeanoytutensHo 0,1 - 0,5%.

MonnbaeH (Mo) saBnsaetca crabunusatopom geppuTta, KOTOPbIM MOXHO
pobaenate ANA  CyWECTBEHHOrO  YBENUYEHUSA  KOPPO3MOHHOM  CTOMKOCTU, U
cnepoBaTtenbHO, coaepxaHue MonmbaeHa AOIMKHO COCTaBnSATb MO MEHbLUEW Mepe
4,0%, 4Ttobbl gocTnyb Bbicokoro PRE. Kpome Toro, monunbaeH, nogobHO xpomy,
CUNBbHO MOBBLILAET CTOMKOCTb Kk 0OpasoBaHUO MapTeHcuTa K ocnabnser sddekT
MHM. Takum obpasom, monmnbaeH [o00aBnNAOT B HEpPXaBEWLWYH CTanb Mo
N300pETEHMIO ANS YpaBHOBELUMBaHUS BnnsHUE xpoma B oTHoweHun MHIT n PRE.
Ans aToM uUenn ero MakcumanbHOe CcopepXaHme [OomKHO cocTtaenate 7,0%,

npegnoYTuTEnBbHO 6,5%.



Bonbdpam (W) obnagaet ceoncrsamm, nogobHbIMM cBOMCTBaM MonmbaeHa,
N WnHOrga MOXEeT 3ameHaTb wmonmbaeH. OpHako, Bonbdpam u  MonubaeH
CMocOBCTBYIOT OCaXAEHUIO curma asbl U CyMMapHoOe copepxaHue monubdaeHa u
BONbdpama B cootBeTcTBMM C popmyron (Mo + 0,5W) JOmKHO coCTaBnsaTb MeHee
7,0 %, npegnoututensHo 4,0 - 6,6%, roe BO3MOXHO yrnpaBnsaTb NPOMOTUPOBaHMEM
curMa n xm as B NoaAxXOAsLMX TEXHMYECKMX npoueccax. Hambonee BaxHbIM
BNMSHMEM BoOnbdpama SBMSETCA HEOKMOAHHO MNOSNOXUTENbHOE BO3AEWCTBME Ha
ahdekt MHI1, koTopoE, B CBOKO O4yepeab, MOXET OblTb CBA3AHO C BMMSHUEM Ha
SHEPrMIO AedEeKTOB YMNakoBKM Crnnasa, MOCKOMbKY 3HEPrys AedeKTOB YynakoBKM
perynupyetr  AedopMauMOHHbIA  OTKNMWMK B nokasarensax  AMCIOoKaLWMOHHOro
CKONBbXEHNSA, ABOVMHMKOBaHMS wunu obpasoBaHus MapTeHcuta. [Ana 3Ton uenu
BONbdpam pormkeH ObiTb orpaHnyeH 4o 3,5 %, HO NPeanoYTUTENBHO MO MEHbLUEN
mepe 0,5 %, korga Bonbdpam UCnonb3yrT 4NA 3aMeLLeHna monmbaeHa.

UTtobbI 06ecneunTb onTumaneHble ycnosua ana adpdekta MHIM n 3aganHyto
BennunHy PRE B cooTBeTCcTBUM C K30OPETEHMEM, COAEPXKAHME COBMECTHO
AEUCTBYIOLWMX XpoMa, MonubaeHa 1, BO3MOXHO, Bofnbdpama B Macc.% cocrtaBnseT
20<(Cr+Mo+0,5W)<23,5 rge otHoweHne Cr/(Mo+0,5W) coctaenseT 2 - 4,75.

Bop (B), kanbuun (Ca) n uepun (Ce) pobaBnawT B AByxdasHble CTanu B
HebonbLUMX KONMMYeCcTBax Ans ynydweHus obpabaTbiBaeMOCTM B ropsiyem
COCTOSIHUM, U UX COoAepXaHWe He AOMKHO ObiTb CMULLKOM BbICOKWMM, MOCKOMbKY 3TO
MOXET YXYALUNTb ApyrMe CBOMCTBA. [1peanoututensHO cogepxxanme 6opa n kanbums
B HepxaBerwen cranm no msobpeteHnto coctaenaet meHee 0,004 %, a uepmsa —
meHee 0,1 %.

Martnn (Mg) sBnseTca  CunbHbIM - OKCMAO- U Cynbdhaoobpasyrowmm
anemeHToM. Korga ero pobaBnsat0oT Ha KOHEYHOW CTanennaBuiibHOW CTaauu, OH
obpasyeT cynbdug marHma (MgS) n npeobpasyeT NOTEHUManbHO HU3KOMNAaBKYHO
3BTEKTUYECKYID CynbduaHyo ¢asy B Honee ctabunbHyto MOpPdOnOrmo C BbICOKOW
TeMnepaTypon nnaeneHus, Takmm obpasom ynydllas KOBKOCTb Crnasa B ropsyem
cocTosHun. CopgepxaHne marHma orpaHnymsatot o meHee 0,05 %.

Cepa (S) B aByxdasHbix cTtandax yxyawaeT obpabatbiBaeMOCTb B ropsyem
COCTOSIHUM U MOXeT obpasoBbiBaTb CyNbMUAHbIE  BKIOYEHWUS, KOTOpble
oTpuuaTenbHO BUAKOT Ha CTOMKOCTb K TOYEYHOM KOpPpPO3Mn. Takmm obpasom,
coaepxaHme cepbl Heobxoanmo orpaHnunTb 40 MeHee 0,010 % v NpeanoYTUTENLHO
meHee 0,005 %.



dochop (P) yxyawaetr obpabarbiBaeMOCTb B ropsi4EM COCTOSHUM N MOXKET
obpasoBbiBaTh POCHUAHBIE YaACTULLI UMK MIEHKW, KOTOPbIE OTpULATENbHO BAUSIOT
Ha KOPPO3MOHHYIO CTOMKOCTb. CrnegoBarenbHo, cogepxaHne gocdopa Heobxoammo
orpaHnynTb 40 MeHee 0,040%, n, Takum obpasom, CyMMapHoOe CopepXaHue cepbl U
docdopa (S+P) cocraBnset meHee 0,04 %.

Kucnopog (O), COBMECTHO C APYrMMKN OCTaTOYHbIMK 3NIEMEHTaMK, OKasbiBaeT
oTpuyUaTenbHOEe BIUMSHME Ha KOBKOCTb B ropsyemMm coctosaHun. [lpucytcteue
OKCUAHbBIX BKIHOYEHUA MOXET CHU3UTb KOPPO3MOHHYHD CTOMKOCTb (K TOYEYHOM
KOppO3uK), B 3aBMCUMOCTM OT TuNa BKOYEHUA. BbICOKOE copepxaHme Kucnopoga
TakKke CHWKaeT yAapHYH BS3KOCTb. AHanornyHbiM 06pasom 4To M cepa, KMCnopon
ynydwaeT nponnasneHne LwBa NocpesCTBOM U3MEHEHNSA NMOBEPXHOCTHOW SHEPrnm
CBapO4YHOW BaHHbl. [Ana HepxaBerowen ctann no mnsobpeTteHuto uenecoobpasHoe
MakcumarnbHOe cogepxaHue kucropoga coctaensetr MmeHee 100 ppm. B cnyyae
METannmMyeckoro mMopoLwKa MakCuManbHOe COAEepXKaHue Kucrnopoja MOXET
coctaBnATb Ao 250 ppm.

AntommHnn  (Al) B AByxdhasHOM HEPXKaBEKLWEN CTannm no  M300peTeHunto
AOJSDPKEH MPUCYTCTBOBATb B HU3KOM KONMMYECTBE MPU BbICOKOM COAEPXaHUM asoTa,
MOCKOSNbKY 3TW ABa 3rieMeHTa MoryT B3aMMO4encTBoBaTh C 0bpasoBaHNEM HUTPULOB
anoMuHUg, 4Tto ByaeT yxyawaTtb yAapHyro BaA3KOCTb. CoaepxaHuve antoMuHuA
orpaHuymaroT o meHee 0,04 % v npegnoytutensHo Ao meHee 0,03 %.

Kobanet (Co) oGnagaetr wmeTannypruyeckMmm CBOWCTBaMM, MNO40OHbIMN
POACTBEHHOMY €MY SMEMEHTY HUKEMID, U KoBanbT MOXHO MCNOMb30BaTb BO MHOIOM
Takum xe obpasom npu nonyyveHun crtanem n cnnasoB. KobanbT nogaeBnseT pocT
3epeH Npu MNOBbLIWEHHbIX TemrnepaTypax M 3HaYUTENbHO yNyylaeT COXpaHeHue
TBEPAOCTM U TMPOYHOCTb B ropsyem coctoaHun. KobanbT  yBenuumBaeT
COMPOTUBNEHNE KaBUTALMOHHOMY pa3pyLUeHno 1 gedopMaunoHHOEe YyNpOYHEHME.
KoBanbT CHwkaeT puck obpasoBaHuMsa curma Qassl B cynepaByxdasHbixX
HepxaBetowmx cranax. Cogepxanune kobansTta orpaHnyeHo 4o 1,0 %.

«Mwukponermpytowme anementbl» TUTaH (Ti), BaHagui (V) n Hmobun (NDb)
npuHagnexar Kk rpynne p[obaBok, KOTOpble TakK Has3BaHbl MOTOMY, YTO OHMU
3HaAYMTENBHO M3MEHSOT CBOMCTBa CTanu MNPW HU3KMX KOHLEHTpaumax, 4Yacto C
NONOXUTENbHLIM PEe3ynbTatoM B YrnepoancTon cranu, HO B Criydyae AByxdasHbiX
HepXXaBerLMX CTanerm OHW TakkKe BHOCAT BKMNaL B HeXenartesnbHble W3MEHEHUS

CBOWCTB, Takme Kak yxyalleHue yaapHbIXx CBOWCTB, 6Oonee BbICOKME YPOBHU



MOBEPXHOCTHbLIX AEEKTOB W MOHWKEHHAs MNNacTUYHOCTb MPW NUTbE U ropsyen
npokaTtke. MHorne mna atnx apdeKToB 3aBUCAT OT UX CUNBHOIO CPOACTBA K Yriepoay
W, B YaCTHOCTM, K as3oTy, B Cry4yae COBPEMEHHbIX ABYyX(dasHbIX HepXaBeroLmx
ctanen. B HacToswem m3obpeteHun HMOBMM 1 TUTaH AOSMKHbI ObiTb OrpaHUYeHbl
makcumym a0 0,1%, B CBOKO o4yepeab BaHaauW ABNSETCA MEHee BpPeAHbIM, U ero
KONMYeCcTBO A0IMKHO cocTaBnaTb meHee 0,2%.

[anee HacTosiwee n3obpeteHne onucaHo Bonee noapobHO CO Cebifkamu Ha
4YepTeXNn, rae

Ha @ur.1 npeacraBneHa 3aBUCMMOCTb  3HAYEHUA  MUHUManbHOW W
MakcumansHou Temnepartypbl Mgsp M PRE mexay cogepxaHnamm anementoB Si+Cr,
Cu+Mo+0,5W un Cr+Mo+0,5W B nccnegyemblix cnnasax no n3obpeTeHnto;

Ha dur. 2 npeacrTaBneH NpUMep C NOCTOSAHHbIMKU 3HadYeHnaMm C+N 1 Mn+Ni
ANS 3aBUCUMMOCTU 3HAYEHUWM MUHUMAaNbHOM M MakcumManbHon Temnepatypbl Mgszp U
PRE wmexay cogepxaHusmmn asnemeHTtoB Si+Cr m Cu+Mo+0,5W B uccnegyembix
cnnaeax no n3obpeTeHnto B COOTBETCTBUN C Pur. 1;

Ha @ur.3 npeacTaBneHa 3aBUCMMOCTb  3HAYEHWA  MUHUManbHOW W
MakcumaneHou Temnepatypbl Mgz 1 PRE mexay cogepxaHmsamm anemento C+N un
Mn+Ni B uccnegyemsbix cnnasax no n3obpeTeHunto, n

Ha ®ur. 4 npeactaBneH nMpUMeEpP C MOCTOAHHbIMW 3HadYeHuaMu Si+Cr wn
Cu+Mo+0,5W pans 3aBUCMMOCTM 3HAYEHWUM MUHUMAaNbHOM W  MakCuMarbHOWN
Temnepatypbl Mgzo 1 PRE mexay copepxannamm snementoB C+N n Mn+Ni B
ncenegyemMbix cnnasax no n3obpeTeHnto B cooTBeTcTBUM C dur. 3.

Ncxogs w3 BnnsHUA  SrnemMeHToB, AByxdasHas eppuUTHO-ayCTeEHUTHasN
HepxaBewwas cranb B COOTBETCTBMM C uM30OpeTeHMeM npeacraBneHa C
XUMUYECKMM cocTaBaMmn OT A o P, kak ykasaHo B Tabnuue 1. B tabnuvue 1 Takke
yKasaH XMMUYECKNIA COCTaB AN CPaBHUTENBHOWN ABYX(a3HOM HEPXKABEIOLLEN CTanu,
LLMPOKO M3BECTHOM Kak 2205 (Q), cpaBHUTENBHOM ABYX(a3HOW HEPXXaBEoLWEeN cTanm
cornacHo WO 2011/135170, obosHayeHHOM R, 1 cpaBHUTENBHOW ABYXdasHou
Hepxasetowen ctanm cornacHo WO 2013/034804, o60o3HayeHHOM S, BCe 3Ha4YeHNs B

Tabnuue 1 npmBeaeHsl B macc. %.
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Tabnvya 1

Cmmas| C,% | Sii% |[Mn% | Cr% | Nii% | Cu,% | N% | Mo,% | W, %
A 0,025 |057 |0,78 |1829 |382 |042 [0,183 |4,10 -
B 0,02 042 (092 [176 4,2 046 [0,194 |4,37 0,024
C 0,023 |0,72 [1,01 18,36 3,83 |[0,47 0,203 [4,04 0,87
D 0,028 |059 [0,77 [1823 |3,79 047 [0179 [4,24 -
E 0,024 |066 |1,41 16,61 1248 |[1,02 0,197 |[4,28 -
F 0,021 |048 [094 [1651 |425 045 [0,194 |454 1,22
G 0,025 |051 083 [1837 |381 |043 [0,164 |4,34 -
H 0,023 |054 [1,71 16,40 |240 |042 0,189 |[4,50 -
| 0,02 056 [088 |[1638 [439 |[046 0,184 [4,28 4,36
J 0,022 |047 [070 |[16,71 |465 |046 [0,142 |463 -
K 0,023 |05 0,86 |1628 |393 |045 [0,186 |4,53 1,14
L 0,02 055 (088 [153 43 0,44 |0,183 |541 22
M 0,027 |050 [084 |1600 |324 043 [0,162 |560 -
N 0,023 |052 |085 |17,10 |468 [045 |0,172 |5,97 -
© 0,025 |053 084 |1699 |462 044 [0,145 |6,06 -
P 0,025 |047 |0,81 1426 317 |043 0,192 |6,28 -
Q 0,021 |045 [125 |2225 |560 |045 [0,180 |3,10 -
R 0,040 |040 [3,00 [2020 |120 |040 |[0,220 |0,40 -
S 0,026 |046 [099 |2008 |303 |03 [0178 [1,19 -

Cnnaebl A - P Bbiny nonyyeHbl B BaKyyMHOW WHAYKLMOHHOW NeYn napTuamm
nabopatopHoro macwTtaba macconm 1kr B Buae Hebonbwumx cnsaboB, KOTOpbIE
noABeprany KoBke 1 XONOLHOW NpokaTke A0 TONWMHBI 1,5 MM.

CpaBhutenbHble cnnaebsl 0T Q Ao S ObiMM  NOAyYeHbl  NapPTUAMMU
npombIiwneHHoro Macwrada maccom 100 T ¢ nocneayowen ropsyen npokaTkon um
XONOAHOM NpPOKaTKOM C TMONyYEHMEM PYJSIOHOB, MPU 3TOM KOHEYHbIE pasmepbl
BapbMpOBanu.

Kak BugHO m3 Tabnuupl 1, coaepxaHue Xxpoma, Hukens, monubaeHa u
BonbdpamMa B ABYxdasHbIX HEpKaBerLMX CTanax rno n3obpeTeHno 3HauymMTenbHO

OTNNYAETCH OT 3TUX BENNYMH ANA CpaBHUTENbHbIX cTanen Q, Run S.
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[na cranen XMMMYECcKMx COCTaBOB, yKasaHHbliX B Tabnuue 1 onpegensnu
CBOWCTBA, 3Ha4veHusa TemnepaTypbl Mgz M PRE, n pesynbtatel npeacraBneHb! B
Hwxecnegyowen Tabnuue 2.

MporHosupyemyto Temnepatypy Maso (Maso Nohara) aycreHutHou dpasbi,
yKasaHHyto B Tabnuue 2, paccuntbiBanu ¢ MCNonb3oBaHnem BbipaxeHus (1) Nohara,
BbIBEAEHHOrO AN ayCTEHUTHbBIX HEPXKaBEKOLLMX CTanen:

Mazo = 551 - 462(C+N)-9,2Si-8,1Mn-13,7Cr-29(Ni+Cu)-18,5Mo-68Nb (1)

Korga OTXur npoBoaAaT npm temnepatype 1050 °C.

PaKkTn4eckn M3MepeHHyo Temnepatypy Mgso (M3mep. Mysp), yKasaHHyro B
Tabnvue 2, onpegensnu nNyTemM pacTSkeHua ucnbitatensHoro obpasya c
nonyyeHMem uctuHon pedopmaumm 0,30 npu  pasnuuHbIX Temnepartypax wu
N3MEPEHNa [JONM MNpPeBpaLleHHOro MapTeHcuMTa C  NoMoLbo  0BopyaoBaHUS
Satmagan. Satmagan npegcrtasnsetr cobon MarHUTHbIE BECHI, HA KOTOPbLIX AOMH0
deppomarHMTHOM asbl ONpeaenstT NocCpeAcTBOM pasMeleHna obpasua B
HacbILLaLWeM MarHUTHOM Mofie U CPaBHEHUA MarHUTHOM U rpaBUTALMOHHOW CUI,
NHAYUMpPOBaHHbIX 06pasLoMm.

PacueTtHble Temnepatypbl Mgso (Mgzp pacy.), ykasaHHble B Tabnuue 2,
nonyy4ann B COOTBETCTBUM C MaTeMaTUYECKUM OrpaHUYMBalOLLMM  YCIOBUEM
onTUMU3aLN.

OKBMBAnNEHT YCTOMYMBOCTU K ToudedHou kopposumm (PRE) paccuutbiBaioT C
ncnonb3oBaHeM popmynsi (2):

PRE = %Cr + 3,3*(%Mo+0,5%W) + 30*%N - %Mn (2).

CymmapHble konudectea anemeHtoB C+N, Cr+Si; Cu+Mo+0,5W, Mn+Ni un
Cr+Mo+0,5W B macc.% Takke paccumTaHbl AN CNiaBoB, ykasaHHbIX B Tadbnuue 1, v
npmeeaeHbl B Tabnuye 2. Cymmbl C+N 1 Mn+Ni npegcrasnsator cobom Cymmbl
cTabmnmsaTtopoB aycTteHuTa, Torga kak cymma Si+Cr npeacrasnseT cobon cymmy
ctabunmsaropoB depputa, a cymma Cu+Mo+0,5W aBnseTca cymmMOu 3NEMEHTOB,
obnaparwmx CTOMKOCTBIO K obpasoBaHuMio MapTeHcuta. CymMma  3nemMeHToB
cornacHo ¢opmyne Cr+Mo+0,5W 4aBnseTca KpuTUYecKon Ans nogaepaHus
Temnepartypbl Mgsp B ONTUManbHOM AuanasoHe, 4Tobbl 0BecneynTb XOPOLUYHO

cnocobHOCTL K gedopmaumn.
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Tabnuya 2
Cnnas | C+N% | Si+Cr% | Mn+Ni% | Cu+Mo | Cr+Mo+ | Pacu. | Nohara | W3am. PRE
+0,5W% | 0,5W% | Myso°C | Muso°C | Myso C
A 0,208 | 18,86 4,60 4,52 | 22,39 -23 -6,0 -25 | 36,5
B 0,214 | 18,02 5,12 4,83 | 21,97 3 13,4 15 35,2
C 0,226 | 19,08 4,84 4,95 | 22,84 -67 19,9 36,1
D 0,207 | 18,82 4,56 4,71 22,47 -31 -8,0 -40 | 36,8
E 0,221 17,27 3,89 5,30 | 20,89 22 23,2 15 35,2
F 0,225 | 16,90 4,80 546 | 21,53 18 3,2 23 38,3
G 0,189 | 18,88 4,64 4,77 | 22,71 -32 -2,6 36,8
H 0,212 | 16,94 4,11 4,92 | 20,90 63 445 | 634 | 352
I 0,217 | 16,40 4,81 593 | 21,50 -48 15,1 39,1
J 0,164 | 17,18 5,35 5,09 | 21,34 53 2,5 43 35,5
K 0,190 | 16,80 4,64 5,63 | 21,50 36 18,9 28 37,7
L 0,225 | 15,40 4,80 6,71 21,28 13 5,2 20 40,9
M 0,189 | 16,50 4,08 6,03 | 21,60 36 23,1 60 38,5
N 0,195 | 17,62 5,53 6,42 | 23,07 -57 -442 | 67 | 411
o) 0,170 | 17,52 5,46 6,50 | 23,05 -46 -30,8 40,5
P 0,217 | 14,73 3,98 6,71 20,54 89 23,9 75 39,9
Q 0,201 | 22,70 6,85 3,65 | 2535 | 194 | -94,0 36,6
R 0,260 | 20,60 4,20 0,80 | 20,60 | 24,9 23,0 27 25,0
S 0,204 | 20,54 4,02 1,856 | 21,27 | 29,6 5,0 19 28,4

Kak BngHo 13 Tabnuupl 2, 3HaveHne PRE B nHTepsane 35 - 42 HamMHOro BblILe
3HavyeHun PRE gnsa cpaBHUTENbHBIX ABYX(dasHbIXx Hepxasetrowmx ctanem R n S, m
3TO 0O3HA4aeT, YTO KOPPO3NOHHAsA CTOMKOCTL cnnasoB A - P Bbiwe. 3Hadvenne PRE
HaxoAMTCA Ha TOM & YPOBHE WM HEMHOrO BbIle, 4YeM 3Ta BenuuMHa Ang
cpaBHUTENBHOrO crnnasa Q.

Kak BugHO w©n3 Tabnuybl 2, nporHosvpyemble Temnepartypbl  Mgsp,
paccyMTaHHble C ucnonb3oBaHnem BblpaxeHua (1) Nohara, cyLlecTBeHHO
OTNMYaKTCA OT M3MepeHHbIX Temnepatyp Mgz Ana cnnasoB. Kpome TOro, us

Tabnuubl 2 BMAHO, YTO pacyeTHble TemnepaTypbl Mgsp XOPOLLO cormacytoTcs C
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n3MepeHHeIMn  Temnepatypamm Mgyzp, W Takum oOpasoMm, mMaTemMaTuyeckoe
orpaHu4yMBaroLLee ycrnosue ONMTUMM3aLMM, WUCMONb3OBaHHOE ANA pacyeTa, O4YeHb
NoXoAnT ANg ABYXdasHbIX HepXaBeroLmMx cTanem no n3obpeTeHunto.

PacueTtHble Temnepatypbl Mgso 4na cnnaesoB A-P 3HauMTenbHO Bbile, Yem
3Ta BenuuMHa 4ns cpaBHUTENBLHOMO cnnaea R.

CymmapHbie konmdectBa anemeHtoB C+N, Si+Cr, Mn+Ni, Cu+Mo+0,5W n
Cr+Mo+0,5W B macc.% ans aByxdasHbix HepXXaBeroLmx CTanen no HacTosLwemy
N306peTEHMI0  UCMONb30BanM B MaTeMaTU4eCKOM OrpaHnNYMBarOLLEM  YCIOBUMU
onTUMM3aumn, YToObl YCTAHOBUTL 3aBMCUMOCTb, C OAHOW CTOPOHbI, Mexay C+N wn
Mn+Ni, a ¢ gpyron ctopoHbl, mexay Si+Cr n Cu+Mo+0,5W. B cooTBeTCTBUM C 3TUM
MaTeMaTU4YeCKMM OrpaHNYMBaroOLLMM YCNoBMEM onTuMmM3aumm, cyMmmbl Cu+Mo+0,5W
n Si+Cr, n coorBeTcTBeHHO, cyMmMbl Mn+Ni n C+N, o6pasyoT koopamHaTHbIE OCU X U
y Ha owur. 1-4, roe onpegeneHbl NMHEWHbIE 3aBUCMMOCTM ANA MUHUMANbHOrO U
MakcumaneHoro 3HadeHun PRE  (35<PRE<42) ©n ans  MUHMManNeHOro W
MakcumarnbHOro 3Ha4deHur temnepaTtypbl Mysp (-30 <Mgze< +90).

B cootBeTcTBUKM C Dur. 1, ycTaHOBNEH AManasoH XMMUYECKOro coctaesa Angd
Si+Cr n Cu+Mo+0,5W, ¢ npegnoyvtutensHeiMn nHtepsanamm 0,14 - 0,27 pna C+N un
23-70 pna Mn+Ni, korga oOTXKUr ABYyXdhasHOM HepXaBewwen cranum no
n3obpeteHnto NpoBoAAT npwu Temneparype 1050°C. Tawke Ha Pur. 1 BMAHO, 4TO
cymma Si+Cr orpaHunyeHa 14,2<(Si+Cr)<19,80 pna Hepxaserwwen cranu no
n3obpeteHnto. Ha ®dur. 1 Takke nokasaH COBMECTHbIN 3dEKT KONMUECTBA XPOMA,
monubaeHa un, BO3MOXHO, BOfbdpama B MmaccC.%, OnpefeneHHoro B AuanasoHe
20<(Cr+Mo+0,5W)<23,5, 4toObl obecneunTtb 3agaHHble 3Ha4YeHus TemnepaTypsbl
Md30 n PRE.

[nanasoH XMMWYECKOro CocTaBa, KOTOPbIM HaxoAUTCA B npegenax obnactu
a, b, ¢, d e n f nHa dur.1, onpegeneH crnegyroOLMMMN OTMEYEHHbIMA

KoopAMHaTaMu, ykasaHHbIMM B Tabnuue 3.

Tabnumya 3
Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %

a’ 19,80 411 0,14 2,30
b' 19,8 4,29 0,14 2,30
c 17,27 6,90 0,14 2,30
d' 14,20 7,86 0,27 7,00
e’ 14,20 6,66 0,27 7,00
f 15,32 5,50 0,27 7,00
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Ha &wur. 2 npepcraBneH ogvH npumep AuanasoHa XMMUYECKOro cocTasa
cornacHo ®ur. 1, korga ncnonb3yroT NOCTOAHHbIE 3HavenHus, 0,221 ansa C+N n 3,90
ans Mn+Ni, Bo Bcex Toukax, BMmecto mHTepBanoB C+N n Mn+Ni, nokasaHHbIX Ha
®ur.1. Ha dur. 2 gaHbl Takne e MUHUMarnbHbIE OrpaHuyeHns ans cymmbl Si+Cr, kak
Ha &wr. 1. [dnanasoH XMMWUYECKOrO COCTaBa, KOTOPbIA HaxoauTcs B npegenax
obnactm a, b, ¢, d n e Ha dur. 2, onpeaeneH cneaywMMM OTMEYEHHbIMU

KoopAMHaTaMu, ykasaHHbIMM B Tabnuue 4.

Tabnvuya 4
Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %
a 18,92 4,55 0,221 3,90
b 15,95 7,55 0,221 3,90
c 14,20 8,08 0,221 3,90
d 14,20 7,21 0,221 3,90
e 15,91 5,45 0,221 3,90

Ha ®ur. 3 npeacraesneH gmanasoH xumuyeckoro coctaea ansg C+N v Mn+Ni ¢
npeanoYTUTENbHBIMU MHTEpPBanamm coctaea 14,2 - 18,7 pna Cr+Sin 4,1 - 9,5 ansa
Cu+Mo+0,5W, korga omkur AByxdasHOW HepaBewllen cranu npoBOAAT Mpu
Temneparype 1050°C. Kpome TOro, B COOTBETCTBUN C n3obpeteHmnem, cymma C+N
orpaHunyeHa 0,14<(C+N)<0,27, a cymma Mn+Ni orpaHndeHa 2,3 <(Mn+Ni)< 7,0.
[AnanasoH XMMM4eckoro cocrtaea, KOTOpPbIM HAaXOANTCA B npeaenax obnactm p’, g r' v

s’ Ha dur. 3, onpeaeneH CneayrLMMN OTMEYEHHBIMU KOOPAMHATaMM, yKa3aHHbIMA B

Tabnuue 5.
Tabnuya 5
Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %
p’ 18,00 5,00 0,27 7,00
q 16,00 5,30 0,14 7,00
r 14,20 7,00 0,14 2,30
S’ 17,30 6,80 0,27 2,30

Adpdpekt orpaHndeHun ana C+N and Mn+Ni ¢ npeanoytuTensHbIMK
MHTEpBanaMmm ANa COAEPXaHUA 3NEMEHTOB MO M30DPETEHUHO COCTOUT B TOM, YTO
AnanasoH  XUMUYECKOro coctaa Ha Our.3  orpaHuYeH  UCKIHYUTENBHO
OrpaHNYEHNAMU ANA MUHUMATBHOM 1 MakcumanbHoW cyMmm C+N 1 Mn+Ni.

Ha &wur. 4 npepcraBneH oavH npumep AuanasoHa XMMUYECKOro cocTasa
cornacHo dwur. 3 ¢ NOCToAHHbIMK 3HaYeHusamKn, 17,3 ana Cr+Sin 5,3 gna Cu+Mo, un

Kpome Toro, ¢ orpaHundermamm (C+N) <0,27 n (Mn+Ni)>2,3. [JuanasoH XMMMU4YeCKoro
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coCTaBa, KOTOpbIM HaxoguTca B npegenax obrnactm p, g, r, S n t Ha owur. 4,

onpeaeneH crneayrowmMm 0TMEYEHHbIMM KOopAnHaTaMu, ykaszaHHbIMKn B Tabnumue 6.

Tabnuuya 6
Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %
p 17,30 5,30 0,270 4,90
q 17,30 5,30 0,26 5,90
r 17,30 5,30 0,14 2,40
S 17,30 5,30 0,14 2,30
t 17,30 5,30 0,27 2,30

Cnnaebl A - P no Hactoswemy m30BpeTeHuto, a Takke CpaBHUTENbHbIE
matepmanel Q, R n S, ykasaHHble Bblwe, Takke wuccnegosany MNOCPEeaCTBOM
ornpeneneHnsa npeaenos Teky4ectn Ry, 1 Rp1o 1 NpoYHOCTM Ha pacTskenne Ry, a
TaKKe 3HAYeHWS OTHOCUTENBHOrO yaAnuvHeHus aAna Aso, As U Ag B NpPOAOSIbHOM
HanpasneHun, rae Ag npecrasnsaeT cobor OAHOPOAHOE OTHOCUTENBHOE YANMHEHNE
W OTHOCUTENBbHOE YANWMHEHWE A0 NNacTUYEeCKOW HeycTomumBocTU. CKOpOCTb
AedOpPMaUMOHHOrO YNPOYHEHUS CrnaBa OMMChIBAOT 3HAYEHUAMM N, MOMyYEeHHbIMU
n3 ypaBHeHus (3):

O=Ke" (3),

roe O npeacraengaet cobon HanpsbkeHne, K npeacraBnaet coboun nokasarernb
MNPOYHOCTU, € NpeacTaBnsgeT cobon nnacTuyeckyo gedopmauynio U N NpeacTaBnaeT
coBon 3KCNOHEHTY AEDOPMALIMOHHOIO YNPOYHEHUS.

Bnarogapsa adpdekty MNMHIN cnnasoB No HacToAWEMY U30OPETEHNIO, 3HAYEHUS
N nony4aroT B npeaenax nHrepsanoB HanpsbkeHnn €= 10-15 % (n(10-15 %)) n €= 15-
20 % (n(15-20 %)), NOCKONbKY HEBO3MOXHO MOAOrHaTb ypaBHeHWe (3) no Bcemy
WHTEepBany aedgopmMaumu.

B tabnuue 7 npepcraeneHbl pesynbTaTthl UCMbITaHMA ansa cnnasoB A - P no
N300peTeHno, a TakKe COOTBETCTBYHOLUME 3HAYEHUA ANS  CpaBHUTENbHbIX

AByx(dasHbIx Hepxkaserowmx ctanen Q, Run S.
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Tabnuya 7
Cnnas Rpo.2 Rp1.0 Rm Asg As Ag n(10- | n(15-
(MMa) | (MMa) | (MMa) (%) (%) (%) 15%) | 20%)
A - - - - - - - -
B 462 559 744 35,4 32,9 37,9 0,21 0,23
C 510 605 753 39,6 41,5 26,9 0,20 0,20
D 468 562 749 34,6 37,4 221 0,21 0,22
E 465 563 763 45,4 491 31,8 0,21 0,23
F 545 634 796 36,0 38,8 22,7 0,24 0,25
G 490 562 725 28,9 31,1 19,9 0,19 0,20
H 476 548 956 32,0 34,4 26,9 0,50 0,49
I 502 589 832 39,8 421 34,9 0,21 0,23
J 412 485 796 447 47,8 40,2 0,27 0,35
K 497 610 793 37,3 40,1 36,3 0,24 0,20
L 541 631 824 46,0 49,3 34,8 0,23 0,24
M 418 485,5 845 43,3 46,7 39,8 0,29 0,40
N - - - - - _ - -
0] 525 601 781 27,9 30,3 20,9 0,20 0,21
P 464 540 969 25,4 27,3 22,0 0,55 0,41
Q 634 715 845 26,0 28,1 16,0 0,15 0,18
R 498 544 787 45,2 49,0 40,0 0,16 0,23
S 562 626 801 40,4 443 35,5 0,17 0,27

Pesynbtatel B Tabnuue 7 nokasblBatOT, UTO 3HAYEHUS MPEAernoB TEKy4ecTu
Rpo2 1 Rp1o Ana crnnasos A -P MeHblUe, 4eM COOTBETCTBYHLLME 3HAYEHUA LS
CpaBHUTENbHBIX ABYXdasHbiX Hepxaeewwmx cranem Q, R n S, a 3HadeHue
MPOYHOCTM Ha pacTskeHne Ry CXOOHO CO 3HaYeHMSMWU ANS  CpaBHUTESNbHbIX
AByxdasHbix Hepxaewowmx cranern Q, R u S. 3HadeHus OTHOCUTENBHOro
yAanvHeHnsa Asp, As U Ay Ana crnnasoB A-P 6onblie, 4YeMm 3HayeHve AnA
cpaBHuTensHoro cnnasa Q npum cxogHom PRE. [Mockoneky cnnaesl A - P B
COOTBETCTBMM C uM300peTeHneM nonyyeHsl B nabopaTtopHom macwrabe, a
cpaBHUTENbHbIE AByXx(asHble Hepxapewwme crtamm Q, R m S nonyyeHbl B
NPOMbILLNEHHOM MacwTabe, 3HayYeHUs nNPOYHOCTM B Tabnuue 7 HEeBO3MOXHO

CPaBHWUTb APYr C APYrOM HanpsiMyto.
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Bce 3HaveHns n ana cnnasoB A-P Bonblue, 4eM 3TO 3HaYeHue Ansa cnnasa
Q, u4TO noKasbiBaeT BaxHoe 3HadeHue adpdekta [IHIT agna ckopoctu
AedopmaumoHHOro ynpoyHeHus. o cpaBHeEHMIO CO CpaBHUTENbHbLIMK cnnasamm R w
S, 3HauveHns n(10-15 %) Heckonbko 6Gonblie, Torga kak 3HaveHus n(15-20%)
3HaumMTenbHO  BGonblle,  YTO  MNoOKasbiBaeT  ONTUMU3NPOBAHHYKD  CKOPOCTb
AedopMaUMOHHOrO yNpoYHEHMs ans cnnasoB A-P nNo HacToswemy n3obpeTeHuto B
KOTOPbIX NcnonbayoT adpdekT MHI.

[na cnnaBoB Mo HacTosALEMY M30DPETEHNIO 3HAYEHME N coCcTaBnsaeT bonee
0,2 npn € = 10-15 %, a yanuHeHne Ay cocTtaenaeT Gonee 19, NpeAanoyYTUTENBHO
Bonee 25.

[ByxdasHas heppuTHO-ayCTEHNTHAA HEPXaBEHLWAasa CTanb No n3odpeTeHnto
MOXeT ObITb MosfydeHa B BuAe CnUTKoB, crisbos, 6nomMoB, BUNNETOB M NUCTOBOTO
npokaTta, Takoro Kak nnacCTWHbl, NUCTbI, MOMOCbl, PYMOHbI, WU ANMHHOMEPHOrO
npoKaTa, Takoro Kak NpyTKW, CTEPXXHW, NPOBOSoKa, Npodunm n popmel, BECLLIOBHbIE
n ceapHbele TPybbl wWunn Tpybkn. Kpome TOro, moryt ObITb  MNOMNyYeHBbI
AOMOMHUTENBHbIE MPOAYKTbI, TaKMe Kak METanfIM4yecKkui nopoLLOK, POPMOBaHHbIE

dopmbI 1 Npopunn.



®OPMYNA N3OBPETEHUA

1. ByxdpasHaa GeppuUTHO-ayCTEHUTHAA HepXxaBerwaa cranb, KoTopas
obnagaeTt BbICOKOM CMOCOBHOCTBIO K aedopmMaumm C Ucnonb3oBaHneM addekTa
MHI 1 BbICOKOM KOPPO3UMHOM CTOMKOCTBIO C BbICOKMM 3KBMBANEHTOM YCTONYMBOCTU
K TOYEYHOW KOPPO3MM, OTNNYAIOLLAancsa TeEM, YTO oHa cogepxut meHee 0,04 macc.%
yrnepoga, 0,2 - 0,8 macc.% kpemHua, 0,3 - 2,0 macc. % mapraHuya, 14,0 - 19,0
macc. % xpoma, 2,0 - 5,0 macc.% Hukens, 4,0 - 7,0 macc.% monmnbaeHa, meHee 4.5
macc.% Bonbgpama, 0,1 - 1,5 macc.% megmn, 0,14 - 0,23 macc.% asoTa, npuyem
OCTanbHOEe COCTaBMseT Xeneso M HemsbexHble MNPUMECK, BCTpevaromecs B
HepXXaBerLMX CTansax, U cogepXaHne COBMECTHO AEUCTBYIOLLMX XpOMa, MmonmbaeHa
n Bonbdpama B macc.% cocrtasnaetr 20<(Cr+Mo+0,5W)<23,5, raoe OTHOWeHue
Cr/(Mo+0,5W) coctaBnget 2 -4,75.

2. [IByxhaszHaa eppuUTHO-ayCTEHUTHAA Hepxaeewowasa crane no n.1,
OTNNYAKOLLIAACS TEM, YTO AONS ayCTEHUTHOM (basbl B MUKPOCTPYKTYPE COCTaBnseT
50 — 80 06.%, npeumywiectBeHHO 55— 70 06.%, npuyem ocTaneHOEe CcoCTaBnseT
depput, Korga nposepeHa TepmoobpaboTka B AmanasoHe Temnepatyp 900 -
1200°C, npegnoututensHo 950 - 1150°C.

3. AByxdhasHas peppuTHO-ayCTEHUTHAA HepXaBerowas ctans no n.1 unm n.2,
OTNMYaKOLLAaaCa TEM, YTO 3KBMBANEHT YCTOMYMBOCTU K ToYeyHou kopposumn (PRE)

cocTaBsngeT 35 -42.

4. [1ByxdhasHaa peppuUTHO-ayCTEHUTHAA HepXXaBeroLwasa ctane no nn.1, 2 unu
3, oTnuyaroLancs Tem, 4YTo namepeHHaa temnepatypa Mgyso coctasnset (-30°C) —

(+90°C), npeanoytutensHo 0°C — (+60°C).

5. [IByxdhasHas peppuUTHO-ayCTEHUTHAA HepXKaBerowas crans no nobdomy mna
NpPeALLeCTBYHOLLMX MYHKTOB, OTNINYAIOLLASACH TEM, YTO OTHOCUTENBbHOE YANUHEHME Ay

coctaensaet 6bonee 19%, npegnoytntensHo Gonee 25%.



6. [iByxdhasHas peppuUTHO-ayCTEHUTHAA HepxaBeroLwwas cranb no nobdomy n3a
NPEeALECTBYOWMX MYHKTOB, OTMMYaloWanca TeM, YTO 3Ha4YeHWe N SKCMOHEHTbI

AedopmMaymoHHOro ynpoyHeHus coctasnsaeT 6onee 0,2 npu € = 10-15%.

7. QByxhasHasn peppuUTHO-ayCTEHUTHAA HepXxaBetowas crtanb no nodomy 13
NPEALUECTBYOWMX MYHKTOB, OTNMYarolascsa TeM, YTO CoAepXaHue Xpoma

coctaensaetr 14,0 - 18,0 macc.%.

8. [IByxdhasHas peppuUTHO-ayCTEHUTHAA HepXKaBerowas cranb no nobdomy mna
NPEALLECTBYHOLMX NYHKTOB, OTNMYAOLWLAACA TEM, YTO COAepXaHne Meaun cocTaBnaeT

0,1 - 0,7 macc.%, npegnoututensHo 0,1 - 0,5 macc.%.

9. [IByxhasHasa peppuUTHO-ayCTEHUTHAA HepXKaBerowas cranb no nobdomy na
NPEeALUECTBYOWMX MYHKTOB, OTNMYaOWAancsa Tem, YTO coaepxaHwe monubaeHa

coctaenset 4,0 - 6,5 macc.%.

10. [IByxdhasHasa hbeppuTHO-ayCTEHNUTHAA HePXKaBetoLasa ctanbs no nobomy 13
NPEeALECTBYIOWMX MYHKTOB, OTMMYalroWaaca Tem, YTO coaepxaHue Bonbdpama

coctaBndaeT meHee 3,0 macc.%.

11. AByxcasHas dheppuTHO-ayCTEHUTHAS HepXKaBetroLasa cranb no nobdomy 13
NPEALLECTBYOLWMX MYHKTOB, OTNMYaloLascs TeM, 4YTO CyMMapHOe COAepXaHue
monmnbaeHa (Mo) n sonbdppama (W) cornacHo dopmyne (Mo + 0,5W) cocrtasnsaer

mMeHee 7,0 macc.%, npegnoytutensHo 4,0 - 6,6 macc.%.

12. [IByxdhasHasa heppuTHO-ayCTEHNTHAA HEPXKaBetoLasa ctanbs no nobomy m3
NPegLleCcTBYOWMX MYHKTOB, OTMYarolascs Tem, YTO Hepxasewuwasa cranb
BO3MOXHO COAEPXKUT OAWMH wunu Oonee pobaBneHHbIX SNEMEHTOB. MeEHee
0,04 macc.% Al, npegnoututensHo meHee 0,03 macc.% Al, meHee 0,004 macc.% B,
meHee 0,004 macc.% Ca, meHee 0,1 macc.% Ce, ennotb Ao 1 macc.% Co, BnnoTb A0

0,1 macc.% Nb, snnote go 0,1 macc.% Ti, Bnnote o 0,2 macc.% V.

13. [IByxdhasHasa peppuTHO-ayCTEHNTHAA HeEPXKaBetoLasa ctanb no nobomy 13

NPeALECTBYOWMX MyHKTOB, OTNMYalolascs TeM, 4YTO Hepxaserowas cranb



COOEPXKUT B  kadectBe  HeumsbexHblx npumecen MeHee 0,010 macc.%,
npegnoututensHo meHee 0,005 macc.% S, menee 0,040 macc.% P, Tak 4yto cymma
(S+P) cocraBnaer meHee 0,04 macc.% wn obwee cogepxaHue Kucrnopopa
coctanseT meHee 100 ppm.

14. [IByxdpasHas eppuTHO-ayCTEHUTHAA Hep)Kaeewwas crans no n.1,
oTNMYaroLLascs TeM, YTO AMana3oH XMMWUYECKOrOo COCTaBa, KOTOPbIA HaxO4uTCA B
npegenax obnactn a’, b, ¢, d, € n f Ha dur.1, onpepeneH cnepyroLUMM

OTMEeYEeHHbIMU KOOpAnHaTamu, B macc.%:

Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %
a 19,80 4,11 0,14 2,30
b’ 19,8 4,29 0,14 2,30
c 17,27 6,90 0,14 2,30
d 14,20 7,86 0,27 7,00
e’ 14,20 6,66 0,27 7,00
f 15,32 5,50 0,27 7,00

15. [IByxpasHas eppuUTHO-ayCTEHUTHAA Hepxasewwasa crans no n.1,
OTNNYaKLLAACa TeM, YTO AManasoH XMMUYECKOro CocTaBa, KOTOPbIA HaxoguTCsa B
npegenax obnactm p’, g r n s’ Ha ®ur.3, onpeaeneH cneagyrowmMmm OTMEYEHHLIMN

KoopguHatamu, B macc.%:

Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %
p’ 18,00 5,00 0,27 7,00
q 16,00 5,30 0,14 7,00
r 14,20 7,00 0,14 2,30
s 17,30 6,80 0,27 2,30

16. [IByxpasHas eppuTHO-ayCTEHUTHAA Hepxasewwasa crans no n.1,
OTNMYarLLasaca TeM, YTO CcTanb Mony4awT B BUAE CRUTKOB, cnsabos, OMOMOB,
OunneToB, NNacTuWH, NUCTOB, NEHT, PYNOHOB, MPYTKOB, CTEPXHEW, MNPOBOSIOKN,
npodpunen n  dopm, BeCLIOBHLIX W/ CBapPHbIX TPYD, METaNNMYECKoro NopoLLKa,

hopMOBaHHbIX PopM 1 Npounen.




®OPMYNA N3OBPETEHUA

(M3MeHeHHas Ha MexayHapO4HOWN CTagnn)

1. [iByxbasHaa deppuUTHO-ayCTEHUTHAA HepxaBerwaa cranb, KoTopas
obnapaeT BbICOKOW CnOCODHOCTBIO K aedopmauum ¢ UCnonb3oBaHMEM dddekTa
IMHI 1 BbICOKOWN KOPPO3UNHOW CTOMKOCTLIO C BbICOKMM SKBUBANEHTOM YCTOMYMBOCTM
K TOYEYHOW KOPPO3MM, OTNNYAOLWLAnca TeM, YTO oHa cogepxut meHee 0,04 macc.%
yrnepoga, 0,2 - 0,8 macc.% kpemHua, 0,3 - 2,0 macc. % mapraHuya, 14,0 - 19,0
macc. % xpoma, 2,0 - 5,0 macc.% Hukens, 4,0 - 7,0 macc.% monmnbaeHa, meHee 4,5
macc.% Bonbgpama, 0,1 - 1,5 macc.% megmn, 0,14 - 0,23 macc.% asoTa, npuyem
OCTanbHOEe COCTaBMnseT Xeneso M HemsbexHble MNPUMECK, BCTpevaromecs B
HepXXaBerLMX CTansax, U coagepXaHne COBMECTHO AEUCTBYIOLLMX XpoMa, MmonmbaeHa
n Bonbdpama B Mmacc.% cocrtasnaetr 20<(Cr+Mo+0,5W)<23,5, raoe OTHOLWeEHue
Cr/(Mo+0,5W) coctaBnser 2 - 4,75, »n 3KBUMBaNEHT YCTOWYMBOCTU K TOYEYHOMU

koppo3unn (PRE) coctaBnset 35 - 42.

2. [IByxhaszHaa eppuUTHO-ayCTEHUTHAA Hepxasewowasa crane no n.1,
OTNNYaKoLLIAACS TEM, YTO AONS ayCTEHUTHOW ¢asbl B MUKPOCTPYKTYpE COCTaBnseT
50 — 80 06.%, npeumywiectBeHHO 55— 70 06.%, npuyem ocTaneHOe cocTaBnseT
depput, Korga nposegeHa TepmoobpaboTka B AauanasoHe Temnepatyp 900 -
1200°C, npegnoututensHo 950 - 1150°C.

3. AByxasHaa heppuUTHO-ayCTEHUTHaA HepxaBeroLwasa ctans no n.1 unm n.2
oTNnUYarLascsa Tem, 4To maMepeHHas Temnepatypa Mgz coctaBnget (-30°C) —

(+90°C), npeanoytutensHo 0°C — (+60°C).

4. [IByxdpasHasa peppuTHO-ayCTEHUTHAA HepXaBeroLwas cranb no nobdomy na
NpeaLecTBYHOLMX MYHKTOB, OTAMYAOWANca TEM, YTO OTHOCUTENbHOE YANUHEHWE Ay

coctaensaet bonee 19%, npegnoytutensHo Bonee 25%.
5. [IByxhasHas peppuUTHO-ayCTEHUTHAA HepXKaBerowas cranb no nobdomy na

npeglecTtByrOLLMX MYHKTOB, OTIM4yarwadaca Tem, 4TO 3Ha4veHMe N 3SKCMNMOHEHTbI

AedopmMaymnMoHHOro ynpoyHeHus coctasnsaeT 6onee 0,2 npu € = 10-15%.

3aMeHsIFOnil JIUCT



6. [iByxdhasHas peppUTHO-ayCTEHUTHAA HepXxaBeroLwwas ctanb no nobdomy na
NPeALecTBYOWMX MyHKTOB, OTNMYarowasca TeMm, YTO CcodepXaHwe Xxpoma

coctasngaet 14,0 - 18,0 macc.%.

7. QByxhasHasn peppuUTHO-ayCTEHUTHAA HepXxaBetowas crtanb no nodomy 13
NPEALLECTBYHOLLMX MYHKTOB, OTNMYAOLWLAACA TEM, YTO COAEepXKaHNe Mean CocTaBnsaeT

0,1 - 0,7 macc.%, npegnoututensHo 0,1 - 0,5 macc.%.

8. [IByxdhasHas peppuUTHO-ayCTEHUTHAA HepXKaBerowas cranb no nobdomy mna
NPEALUECTBYOLWMX MYHKTOB, OTNMYaOWAancsa Tem, YTO coaepxaHue monubaeHa

coctaenset 4,0 - 6,5 macc.%.

9. [IByxhasHasa peppuUTHO-ayCTEHUTHAA HepXKaBerowas cranb no nobdomy na
NPEeALLECTBYOWMX MYHKTOB, OTMMYalroWaaca Tem, YTO CcoaepxaHue Bonbdpama

coctaensaet meHee 3,0 macc.%.

10. [IByxdhasHasa heppuTHO-ayCTEHNUTHAA HePXKaBetoLasa ctanbs no nobomy 13
NPEeALECTBYIOWMX MYHKTOB, OTNMYaloWasacad TeM, 4YTO CyMMapHoe COAepXaHue
monmnbaeHa (Mo) n sonbdppama (W) cornacHo dopmyne (Mo + 0,5W) coctaBnsaet

meHee 7,0 macc.%, npegnoytnutensHo 4,0 - 6,6 macc. %.

11. [IByxdbasHasa hbeppuTHO-ayCTEHNTHAA HepPXKaBetoLasa ctanbs no nodomy ma
NPeaLecTBYOWNX MYHKTOB, OTMYalolascs Tem, YTO Hepxasewuwlasa cranb
BO3MOXHO COAEPXKUT OAWMH wunn Oonee pobaBneHHbIX JSNEMEHTOB. MEHee
0,04 macc.% Al, npegnoututensHo meHee 0,03 macc.% Al, meHee 0,004 macc.% B,
meHee 0,004 macc.% Ca, meHee 0,1 macc.% Ce, Bnnotb Ao 1 macc.% Co, BnnoTb A0

0,1 macc.% Nb, snnotb go 0,1 macc.% Ti, Bnnotb o 0,2 macc.% V.

12. [1ByxdhasHasa heppuTHO-ayCTEHNUTHANA HEPXKaBEeoLasa ctanbs no nobomy ma
NPEALUECTBYIOLWMX MYHKTOB, OTMMYalolanca TeMm, 4YTO Hepxasewwas cranb
COOEPXKUT B  kadectBe  HeumsbexHblx npumecen MeHee 0,010 macc.%,
npegnoututensHo meHee 0,005 macc.% S, menee 0,040 macc.% P, Tak 4yto cymma
(S+P) cocraBnaer meHee 0,04 macc.% wn obwee cogepxaHue Kucrnopopa

coctaesnset meHee 100 ppm.

3aMeHsIFOnil JIUCT



13. IByxpasHas eppuTHO-ayCTEHUTHAA Hepxasewwasa crtans no n.1,
OTNMYaLLasacsa TeM, YTO AManasoH XMMWYECKOro cOocTaBa, KOTOPbIA HaxoauTCHa B
npegenax obnactm a’, b, ¢, d, € wn f Ha dur.1, onpepeneH cnegyroLUMM

OTMeYeHHbIMK1 KoopaAnHaTamu, B macc.%:

Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %
a 19,80 4,11 0,14 2,30
b' 19,8 4,29 0,14 2,30
c 17,27 6,90 0,14 2,30
d 14,20 7,86 0,27 7,00
e’ 14,20 6,66 0,27 7,00
f 15,32 5,50 0,27 7,00

14. [IByxpasHas @eppuUTHO-ayCTEHUTHAA Hepxasewwasa crtans no n.1,
OTNMYaLLAasaca TeM, YTO AManasoH XMMWYECKOro cocTaBa, KOTOPbIA HaxO4uTCA B
npegenax obnactm p’, g r n 8 Ha ®ur.3, onpegeneH cnegyrowmMmm OTMEYEHHBIMA

KoopgmHaTamu, B macc.%:

Si+Cr % Cu+Mo+0,5W % C+N % Mn+Ni %
p’ 18,00 5,00 0,27 7,00
q 16,00 5,30 0,14 7,00
r 14,20 7,00 0,14 2,30
s 17,30 6,80 0,27 2,30

15. [IByxhasHas eppuTHO-ayCTEHUTHAA HepxXasewwas crans no n.1,
oTNMYarLLascsa TeM, YTO CTanb Mony4awT B BUAE CNMTKOB, cnsbos, OnoMOB,
OunneToB, NNacTuvH, NUCTOB, NEHT, PYNIOHOB, MNPYTKOB, CTEPXKHEW, MNPOBOIIOKN,
npopunen n  dopm, BECLIOBHLIX W/ CBapPHbIX TPYD, METANNMYECKOro NOpPOLLKa,

dhopmMoBaHHbIX PopM 1 Npounen.
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